Presence of intratumoral T-cell infiltration has been linked to improved survival in ovarian cancer patients. We questioned whether antibody immunity specific for ovarian cancer tumor antigens would predict disease outcome. We evaluated humoral immune responses against ovarian cancer antigens p53, HER-2/neu, and topoisomerase II␣.
INTRODUCTION
Ovarian cancer can elicit immunity in patients with the disease. Several tumor antigens have been identified in women with ovarian cancer. These immunogenic proteins stimulate a specific immune response in individuals with ovarian cancer but not in non-tumor bearing individuals. 1 Recently, a large retrospective study demonstrated that the presence of intratumoral T-cell infiltrates in ovarian tumors predicted both improved progression-free and overall survival in women with advanced-stage disease regardless of response to treatment. 2 This study was a significant demonstration that tumor-directed immunity may have an impact on clinical outcome in ovarian cancer.
Proteins that are overexpressed by tumor cells or that accumulate in tumor cells are more readily available for immune recognition than the same proteins expressed at basal levels in noncancerous cells. 3 The level of HER-2/neu overexpression in primary tumor is associated with production of HER-2/neu-specific antibodies, and there is a strong correlation between accumulation of p53 in primary tumor cells and presence of serum p53-specific antibodies in patients with different cancers. [4] [5] [6] Moreover, antigen-specific antibody immunity is positively associated with antigen-specific T-cell responses, indicating that immunoglobulin G (IgG) immunity may act as a marker for the presence of CD4 ϩ and CD8 ϩ T-cell immunity. 1, 7, 8 We developed assays to detect humoral immunity against a panel of known ovarian cancer antigens that are overexpressed or abundant in tumor cells (p53, HER-2/neu, and topoisomerase II␣). More importantly, these proteins are known to be implicated in the pathogenesis of the disease. Expression of p53, HER-2/neu, or topoisomerase II␣ in ovarian tumors is associated with more aggressive disease and a decreased survival.
9-12 For this reason, we hypothesized that detectable immunity against these particular proteins may be associated with a survival benefit.
Serum was collected prospectively from 104 women before primary surgery for ovarian cancer. The patients were then followed for a median of 1.8 years, and survival data were collected. Antibody immunity to p53 at the time of diagnosis predicted improved survival among patients with advanced-stage (III/IV) disease. The survival benefit was specific for immunity to the tumor-related protein and not a reflection of general immune competence as evidenced by lack of survival benefit associated with humoral immunity to tetanus toxoid (TT), a control antigen.
PATIENTS AND METHODS

Patient Samples
Serum samples were collected via the ORCHID study (http://www .fhcrc.org/research/diseases/ovarian_cancer/#overview), an institution review board-approved biomarker trial, conducted at the Fred Hutchinson Cancer Research Center (Seattle, WA). A total of 256 women were recruited from 1998 to 2001. Women between the ages of 18 and 75 years scheduled for complete abdominal hysterectomy or oophorectomy, with or without suspected malignancy, were eligible for participation. Blood samples were drawn after written consent at time of surgery, before removal of the ovaries. One hundred eighteen of the 256 women were subsequently diagnosed with ovarian malignancy, and selected clinical data were collected on those patients during the time of their treatment and follow-up. The clinical data collected were limited to age, stage of disease, histology, and CA-125 level at time of diagnosis. Patient demographics are presented in Table 1 . For the study reported here, only patients with complete histologic, staging, and survival data were analyzed. Histology data were not available for two patients, staging data for four patients, and longitudinal follow-up for eight patients. Thus, 104 samples were available for study. The coded samples were analyzed as described in the section Enzyme-Linked Immunosorbent Assay Analysis for Antibody Immunity to Oncologenic Proteins, and once biomarker data were finalized, clinical information was linked, and analysis was performed as described. Limited disease was defined as stage I/II, and advanced disease was defined as stage III/IV disease. Overall survival was defined as the time elapsed between beginning initial treatment (surgical or chemotherapeutic) and death. Data for patients without death were censored at time of last contact. The median time of longitudinal follow-up since the initial collection of the samples at the time of this analysis is 22 months (range, 0 to 75 months). Fifty-five deaths were observed in this cohort of 104 women. Survival analysis included only advanced-stage (III/IV) patients (n ϭ 80), because they are the majority of patients, and time to follow-up is sufficient to evaluate outcome.
Control Population
Serum from 175 female donors between ages 18 and 75 years was used to establish a reference interval for each marker. Serum samples were obtained from the Puget Sound Blood Bank in Seattle, WA, and the volunteers met all criteria for blood donation. Control sera were also stored at Ϫ80°C.
Enzyme-Linked Immunosorbent Assay Analysis for Antibody Immunity to Oncogenic Proteins
Antibodies to p53 and HER-2/neu were evaluated using a cell-based assay. 13 For analysis of HER-2/neu antibody immunity, 96-well microtiter plates (Dynex Technologies, Inc, Chantilly, VA) were coated with 520C9, a monoclonal antibody specific to HER-2/neu, and diluted to a concentration of 10 g/mL with carbonate buffer. Serially diluted, purified human IgG (Sigma) provided a standard curve. Plates were incubated overnight at 4°C. All wells were then blocked with 100 L/well of a filtered buffer of 10% phosphatebuffered saline (PBS)/1% bovine serum antigen (BSA; Sigma Chemical Co, St Louis, MO), 100 L/well, and incubated at room temperature on a rocker for 4 hours. Plates were washed four times with 10% PBS/0.5% Tween (Amersham Biosciences, Piscataway, NJ) before addition of SKBR3, a cell line used as a source of HER-2/neu protein, diluted with PBS/BSA buffer to 20 g/mL at 50 L/well. Plates were again incubated overnight at 4°C. Plates were then washed four times with PBS/Tween, and patient sera were added to wells. Serum from a patient with HER-2/neu overexpressing breast cancer was used as a positive control. The positive control was run on every plate, as was a negative control of PBS/BSA buffer treated as a serum sample. After serum incubation, plates were washed four times with PBS/Tween and goat antihuman IgG-horseradish peroxidase (HRP) conjugate (Zymed Laboratories, South San Francisco, CA) added at a dilution of 1:50,000 (50 L/well) and incubated for 45 minutes at room temperature on rocker. After a final PBS/Tween wash, developing reagent was added (75 L/well) and color reaction assessed at an optical density (OD) of 640 nm until the well containing the standard at a concentration of 0.16 g/mL evaluated at 0.3 OD. Reaction was then stopped with 75 L/well 1N HCL and read at OD of 450 nm. The OD of each serum dilution was calculated as the OD of the lysate-coated wells minus the OD of the PBS/BSA-coated wells. Values for each ⌬OD were calculated from the log-log equation of the line for the standard curve on each plate, as plotted by SOFTmax version 2.3 for Macintosh (Molecular Devices Corp, Sunnyvale, CA). A sample was defined as positive if the value was greater than the mean and two standard deviations of the previously analyzed reference population. The antip53 enzyme-linked immunosorbent assay (ELISA) was performed similarly as that described in this paragraph, with the following modifications: Plates were coated with TIB116, a murine monoclonal antibody specific for human p53 (American Type Culture Collection [Manassas, VA] #TIB-116), and the BT-20 cell line was used as a source of p53 protein.
Antibodies to topoisomerase II␣ and TT were assessed using an indirect ELISA method with recombinant proteins. Briefly, alternate columns on Immulon 4HBX plates (Dynex Technologies, Chantilly, VA) were coated overnight with purified human topoisomerase II␣ (Topogen, Columbus, OH) or TT antigen (Sigma Chemicals Inc, St. Louis, MO) and PBS/BSA, blocked for 1 hour with PBS/BSA, and washed with PBS/Tween. After washing, 50 L/well of control or experimental sera were added in duplicate titration sets. After overnight incubation at 4°C, plates were washed again and antihuman/HRP conjugate added 50 L/well. Plates were washed again after a 45-minute incubation at 4°C, and developed as previously described. 13, 14 Seventy-five of 104 samples had sufficient remaining volume to test for immunity to topoisomerase II␣.
A positive sample was defined as an antibody concentration above the nonparametric 95th percentile of the control samples evaluated for each antigen. For p53 antibodies, this value was 0.16 Ϯ 0.25 g/mL; 0.15 Ϯ 0.49 g/mL for HER-2/neu antibodies; and 0.1 Ϯ 0.27 g/mL for topoisomerase II␣ antibodies. All assays were linear over a range (0.001 to 11.0 g/mL) of antibody concentrations tested with a correlation coefficient of r ϭ 0.999 for the p53 assay, r ϭ 0.997 for HER-2/neu, and r ϭ 0.995 for topoisomerase II␣. On the basis of repeated measures of 10 control and 10 experimental sera over a 6-month period, the intra-and interassay coefficient of variations for the p53 ELISA were 12% and 15%, respectively, 9% and 20% for HER-2/neu were, and 10% and 14% for topoisomerase II␣ . Positive responses were verified by Western blot analysis. 13 The sensitivity and specificity were 93% and 100% for p53, 89% and 77% for HER2, and 83% and 100% for the topoisomerase II␣.
Statistical Analysis
Significance of proportional differences was quantified by Fisher's exact test. Two-way comparisons of antibody levels between patients with advanced disease and limited disease, or between ovarian cancer patients and volunteer controls, were analyzed by Mann-Whitney U test. Kaplan-Meier curves were constructed and log-rank analysis was used to make univariate comparisons between antibody-positive and antibody-negative patients with advancedstage cancer. Multivariate analysis of overall survival in patients with advanced-stage disease was performed using the Cox proportional hazards regression method. Stage (III or IV) and presence of p53, HER-2/neu, or topoisomerase II␣ antibodies were included in the model as binary variables, CA 125 level at time of diagnosis and age as continuous variables. All analysis was by Statistical Package for the Social Sciences version 13.0 (SPSS Inc, Chicago, IL).
RESULTS
Antibody Immunity to Oncogenic Proteins Is Associated With Advanced-Stage Ovarian Cancer
Sera from women with advanced-stage (III/IV) disease were more likely to have detectable antibodies specific for p53 (n ϭ 104), HER-2/neu (n ϭ 104), or topoisomerase II␣ (n ϭ 75) than samples from patients with limited stage (I/II) disease (Fig 1) . The percentage of patients demonstrating p53 antibody immunity increased significantly (P ϭ .006), from 6% in limited stage patients to 30% in advanced stage. Nineteen percent of samples from women with limited-stage disease contained detectable HER-2/neu-specific antibodies as compared with 22% from advanced-stage patients. The percentage positive for topoisomerase II␣ increased from 3% in limited-stage to 8% in advanced-stage disease. The increased presence of antibodies to HER-2/neu and topoisomerase II␣ in women with advanced-stage ovarian cancer was not statistically significant as compared with more limited-stage disease.
The mean level of p53-specific IgG for the advanced-stage patients was 3.6 g/mL (range, 0 to 56.6 g/mL) and for the limitedstage group was 0.12 g/mL (range, 0 to 1.0 g/mL). The difference in magnitude of p53 antibody immunity was statistically different between these two groups (P ϭ .02). The mean level of HER-2/neuspecific IgG for the advanced-stage group was 0.61 g/mL (range, 0 to 9.2 g/mL), and for the limited-stage group was 0.5 g/mL (range, 0 to 3.3 g/mL), not a statistically significant difference (P ϭ .93). The mean topoisomerase II␣ IgG response for the advanced-stage patients was 0.2 g/mL (range, 0 to 2.6 g/mL) and for the limited-stage women was 0.10 g/mL (range, 0 to 1.1 g/mL), not a statistically significant difference (P ϭ .90). In addition, antibody immunity to oncogenic proteins readily distinguished patients with cancer from controls (p53, P ϭ .0001; HER-2/neu, P ϭ .002; and topoisomerase II␣, P ϭ .017). The mean of healthy controls was 0.16 g/mL (range, 0 to 1.7 g/mL) for the p53 assay, 0.15 g/mL (range, 0 to 3.7 g/mL) for the HER-2/neu assay, and 0.1 g/mL (range, 0 to 2.0 g/mL) for the topoisomerase II␣ assay (Fig 2) .
Antibody Immunity to p53 in Women With AdvancedStage Ovarian Cancer Is Associated With Increased Survival As Compared With Women Without p53 Antibody Immunity
Kaplan-Meier curves comparing overall survival between women with p53 antibody-positive and antibody-negative advancedstage ovarian cancer indicate that overall survival is increased in those women with immunity (Fig 3) . The median survival for p53 antibodypositive patients was 51 months (range, 23.5 to 60.5 months) compared with 24 months (95% CI, 19.4 to 28.6 months) for patients without antibodies to p53 (log-rank P ϭ .01; Fig 3A) . There was no survival benefit related to humoral immunity to the other oncogenic proteins evaluated. The median overall survival for women with antibody immunity to HER-2/neu was 42 months (95% CI, 6.7 to 77.3) compared with 27 months (95% CI, 18.2 to 35.8; P ϭ .32), and the median overall survival in women with topoisomerase II␣ antibodies was 15 months (95% CI, 0 to 33.0) compared with those women without antibodies, whose survival was 36 months (95% CI, 21.1 to 50.9; P ϭ .29; Fig 3B and C) . Multivariate analysis showed that the presence of p53 antibodies was an independent variable for prediction of overall survival in advanced-stage patients. Overall survival was significantly higher for patients with antibodies to p53 when compared with patients without p53 antibodies (hazard ratio, 2.46; 95% CI, 1.52 to 4.18; P ϭ .01). In this study population, stage, age, and CA-125 levels at the time of diagnosis were not significant predictors for overall survival (P ϭ .98, P ϭ .07, and P ϭ .17 respectively), and neither was the presence of HER2 antibodies (P ϭ .45), nor the presence of topoisomerase II␣ antibodies (P ϭ .28).
Improved Survival Associated With Antibody Immunity to Oncogenic Proteins, in Women With Advanced-Stage Ovarian Cancer, Is Not a Reflection of General Immune Competence
A possible explanation for the potential of antibody immunity to oncogenic proteins to predict survival in women with advanced-stage ovarian cancer is that the ability to mount an immune response is a predictor of good performance status. To address this question, we assessed for the presence of TT-specific antibodies in the women with advanced-stage ovarian cancer as an evaluation of immune competence. The median overall survival was 45 months (95% CI, 19.4 to 51.2) for women who had antibodies to TT and 30 months (95% CI, 12.8 to 41.4) for tetanus antibody-negative patients (Fig 4) . These differences were not significant (P ϭ .34). In addition, the disease characteristics were similar between antibody-positive and antibodynegative patients, stage (P ϭ .09), age (P ϭ .37), and CA-125 level at the time of diagnosis (P ϭ .87). The development of antibody immunity to multiple tumor-associated proteins may indicate a significant trend toward increased survival (P ϭ .05), with a median overall survival time of 24 months for patients negative for any marker, 38 months for patients positive for any one marker, and 42 months median overall survival time for patients positive for any two markers.
DISCUSSION
We evaluated IgG-specific antibody immunity to p53, HER-2/neu, and topoisomerase II␣, all immunogenic proteins in ovarian cancer and implicated in the pathogenesis of the disease. IgG antibody immunity has been shown to be predictive of a concomitant T-cell response, because Ig class switching from IgM to IgG requires cognate T-cell help.
15, 16 Thus, antigen-specific IgG antibody immunity may be a predictor of the presence of antigen-specific T cells. Data presented herein demonstrate that women with advanced-stage ovarian cancer have tumor-specific antibody immunity and that immunity to p53 predicts improved overall survival in patients with advanced-stage ovarian cancer.
A concern of evaluating immunity in women with ovarian cancer is that the majority of patients are diagnosed at an advanced stage. Factors involved in ovarian cancer progression, such as secretion of immunosuppressive cytokines, 17 elaboration of T-regulatory cells, 18 and increasing infiltration of monocytes that dampen the development of T-cell immunity, 19 can prevent immunity from developing. One assumption might be that the tumor-specific humoral immune response would be more predominant in individuals with limited-or early-stage disease. Data presented here demonstrated that antibody immunity was present in women with advanced-stage ovarian cancer; indeed, more than half of the women studied had some detectable antibody immunity against at least one of the tumor antigens evaluated. Investigations by Zhang et al 2 indicated that more than half of women with advanced-stage ovarian cancer had evidence of intratumoral T cells. Such data suggest that although a variety of immunosuppressive mechanisms are associated with the ovarian cancer microenvironment, patients still have the potential to mount an immune response against their tumor.
We developed assays to assess humoral immunity to three tumor antigens expressed in ovarian cancer: p53, HER-2/neu, and topoisomerase II␣. All three of these proteins have been shown to be immunogenic in individuals with ovarian cancer. [20] [21] [22] In addition, expression of these proteins in ovarian cancers is associated with a poorer prognosis. Between 30% and 50% of advanced-stage ovarian cancers express p53, and expression of the protein is associated with decreased survival.
9,23 The HER-2/neu protein is overexpressed in 10% to 35% of ovarian cancers, and expression is also associated with poor prognosis. 24, 25 Finally, topoisomerase II␣ is expressed in approximately 20% of ovarian cancers. 25 The presence of topoisomerase II␣ in the tumor is linked to vascular endothelial growth factor expression and is also associated with increased International Federation of Gynecology and Obstetrics (FIGO) stage, tumor grade, and decreased survival. 26 Thus, immunity directed against these particular proteins, if functional, may have a clinical impact.
Humoral immunity to p53 predicted a survival benefit regardless of stage of disease, CA-125 level at the time of diagnosis, or age of the patient. Humoral immunity is associated with oncogenic protein overexpression and accumulation in tumor cells. 5, 6 Specifically, accumulation of wild-type and mutated p53 in tumor cells of ovarian cancer patients is strongly correlated with presence of a p53-specific antibody response. 5 In addition, an increase in p53-specific antibody response is associated with an increase in tumor volume in p-53 positive colorectal cancers. 6 Similar results have been found for HER-2/neu-positive colorectal cancers with presence of antibodies to HER-2/neu correlating to HER-2/neu overexpression in primary tumor. 27 Humoral immunity to p53 as been found in patients with a variety of gynecologic malignancies. 20 However, the relationship between circulating p53 antibodies and prognosis has been unclear. One investigation determined that there was decreased survival in patients with ovarian cancer who had detectable p53 antibodies.
28 Such data may suggest that circulating antibodies to p53 are merely a marker of the presence of p53 mutations in the tumor; thus, a poor prognosis. The Danish Malignant Ovarian Cancer (MALOVA) study, which evaluated p53-specific immunity in 193 women with ovarian cancer, found no significant correlation between p53 antibody immunity and outcome. 29 Investigations of antibody immunity in ovarian cancer have been hampered by the small numbers of patient samples available, because ovarian cancer is a relatively uncommon disease, as well as by the relative insensitivity of the assays used. For these reasons, most studies focus on limited numbers of patients who have detectable antibodies. For example, only 15% of women with stage III ovarian cancer in the Danish study had evidence of p53-specific antibodies.
29
The development of clinical-grade ELISA assays with sensitive limits of detection to evaluate tumor-specific antibody immunity resulted in our ability to detect p53 antibodies in nearly one third of patients.
The statistical power of studies examining tumor-specific immunity in ovarian cancer, a disease with relatively low incidence, remains an issue in determining the association between survival and p53 humoral immunity. We improved the ability of our study to detect differences in survival by increasing assay sensitivity and follow-up time. While the increase we found in overall survival for p53 antibodypositive patients was statistically significant (95% CI, 1.52 to 4.18; P ϭ .01) and survival differences for HER-2/neu antibody-positive patients and topoisomerase II␣ antibody-positive patients were not, the 95% CI for HER-2/neu was 1.02 to 3.31, and for topoisomerase II␣, the 95% CI was 0.206 to 1.65. Given the limited power of this study, we cannot rule out the possibility that true differences do exist. The possibility of a predictive relationship between humoral immunity to these antigens and survival in ovarian cancer patients remains open to further study.
Finally, we found that the differences in survival were specific to immunity mounted against tumor-associated antigens rather than a reflection of general immune competence. A concern of investigations evaluating immunity against cancer and correlating results with disease outcome is that the ability to mount an immune response may be reflective of performance status (ie, the healthier the patient, the higher the likelihood of developing immunity). Excellent performance status in itself predicts better outcome. 30, 31 To address this question, we evaluated immunity to TT in patients as a control antigen. Approximately 70% of the adult population has detectable antibodies to tetanus, so the evaluation of immunity to tetanus would result in patients who tested both positive and negative for the antibody. 32 Antibody immunity against TT was not a predictor of survival. In addition, when tetanus-specific antibodies were present, the level of tetanusspecific antibody immunity detected in these women was no different than that detected in non-cancer bearing individuals (data not shown). These data imply that the survival benefit observed with tumor antigen-specific immunity was independent from an overall benefit related to general immune competence.
Women with ovarian cancer mount an immune response against their tumors, and evidence is accumulating that indicates that such immune responses may impart a survival benefit. Although current treatment paradigms, such as surgery and adjuvant chemotherapy, have improved survival in patients with advanced-stage ovarian cancer, less than half of patients diagnosed will be cured of their disease. Clinical strategies designed to either augment existent tumor-specific immunity or generate such immunity in women with ovarian cancer may be of therapeutic benefit.
